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Abstract 

Background: Tine optimal iliac screw path was determined to provide references for lumbosacral-pelvic reconstruction. 

Methods: Radiographic data of 100 patients with normal pelvis were selected for this study. Four paths were designed. 
Paths A, B, and C were from the starting point of the crossing point of the chiotic line and posterior iliac crest (CLIC, 
located at 24.0 mm above the posterior superior iliac spine) to the upper edge of the acetabulum, anterior inferior 
iliac spine, and acetabulum center, respectively. Path D was from the starting point of the posterior superior iliac spine 
to the anterior inferior iliac spine. The lengths of the different paths of screw passage and bone plate thicknesses of 
two narrow places were measured and analyzed. 

Results: Paths A, B, and D were approximately equal in length, but the thickness of the iliac plate in path A was 
significantly thicker than those in paths B and D. No significant difference was found between the iliac thickness of 
paths A and C, but the passage length of path A was significantly longer than that of path C. 

Conclusion: Path A had the longest passage length and thickest iliac plate and could accommodate the relatively 
longest and thickest iliac screw. Thus, path A was the optimal iliac screw passage. 
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Introduction 

Iliac screw fixation is used in the reconstruction of spinal- 
pelvic stability [1-6]. Iliac screws are important in achieving 
strong fixation, maintenance of orthopedic position, and 
protection of sacral screw [7]. The lumbosacral stabilization 
and fixation of iliac screw is satisfactory [3,8-10]. In recent 
years, the implementation of lumbosacral-pelvic recon- 
struction using iliac screw has become increasingly ac- 
cepted by spine surgeons. Many different paths of iliac 
screw passage are available, but no relatively consistent 
scientific path exists. Thus, establishing an effective and 
accepted iliac screw passage for the development of 
lumbosacral-pelvic reconstruction is crucial. Computed 
tomography (CT) and radiographic analysis were employed 
to determine the optimal iliac screw path, thereby provid- 
ing references for lumbosacral-pelvic reconstruction. 

Materials and methods 

Case selection 

One hundred outpatients or inpatients underwent pel- 
vic CT (GE Brightspeedl6 slice spiral CT, Milwaukee, 
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WI, USA) scan and three-dimensional (3D) reconstruction 
without positive performance for various reasons from 
February 2009 to June 2012. A total of 58 males and 42 fe- 
males, aged 19 to 65 years (average age 42.2 years), were 
involved in this study. Their radiographic data were evalu- 
ated. The inclusion criteria were adults with pelvis under 
normal development and absence of abnormalities, such 
as iliac bone deformities, tumors, and trauma fractures. 
This study was conducted in accordance with the declar- 
ation of Helsinki. This study was conducted with approval 
from the Ethics Committee of the Sixth Affiliated Hospital 
of Wenzhou Medical College. Written informed consent 
was obtained from all participants. 

Design method 

A line was drawn from the upper edge of the eminentia 
iliopubica to the closest point of the front edge of the 
auricular surface to the posterior iliac crest. This line, 
which was called the chiotic line, divided the posterior 
iliac crest into the front and back sections. The crossing 
point of the chiotic line and posterior iliac crest was 
called the CLIC point, which was located 24.0 mm above 
the posterior superior iliac spine (PSIS). 

Four iliac screw paths were designed. Paths A, B, and 
C were from the starting point of the CLIC to the upper 
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edge of the acetabulum, anterior inferior iliac spine (AXIS), 
and acetabulum center, respectively. Path D was from the 
starting point of the PSIS to the AIIS. Specific methods 
were as follows: 

1. Path A represented the connection and screw 
passage direction from the CLIC point to the 
upper edge of the acetabulum (Figure la). A 3D 
reconstruction image was truncated along the 
direction of path A to obtain the sectional view. 
The total bone length of path A was measured as 
the length of the passage. Two narrow places were 
found in the connection line. The vertical line of 
path A was constructed in the first narrow place, 
which was close to the CLIC point. The total 
thickness of the iliac cortical bone and cancellous 
bone was measured as the thickness of the first 
narrow place. The vertical line of path A was 
constructed in the second narrow place, which was 
close to the upper edge of the acetabulum. The total 
thickness of the iliac cortical bone and cancellous 
bone was measured as the thickness of the second 
narrow place (Figure lb). 

2. Path B represented the connection and screw 
passage direction from the CLIC point to the AIIS 
(Figure 2a). A 3D reconstruction image was 
truncated along the direction of path B to obtain the 
sectional view. The total bone length of path B was 
measured as the length of passage. Two narrow 
places were found in the connection line. The 
vertical line of path B was constructed in the first 
narrow place, which was close to the CLIC point. 
The total thickness of the iliac cortical bone and 



cancellous bone was measured as the thickness of 
the first narrow place. The vertical line of path B 
was constructed in the second narrow place, which 
was close to the AIIS. The total thickness of the iliac 
cortical bone and cancellous bone was measured as 
the thickness of the second narrow place (Figure 2b). 

3. Path C represented the connection and screw 
passage direction from the CLIC point to the 
acetabular center (Figure 3a). A 3D reconstruction 
image was truncated along the direction of path C 
to obtain the sectional view. The total bone length 
of path C was measured as the length of passage. 
Two narrow places were found in the connection 
line. The vertical line of path C was constructed in 
the first narrow place, which was close to the CLIC 
point. The total thickness of the iliac cortical bone 
and cancellous bone was measured as the thickness 
of the first narrow place. The vertical line of path C 
was constructed in the second narrow place, which 
was close to the acetabular center. The total 
thickness of the iliac cortical bone and cancellous 
bone was measured as the thickness of the second 
narrow place (Figure 3b). 

4. Path D represented the connection and screw 
passage direction of the PSIS and AIIS (Figure 4a). A 
3D reconstruction image was truncated along the 
direction of path D to obtain the sectional view. The 
total bone length of path D was measured as the 
length of passage. Two narrow places were found in 
the connection line. The vertical line of path D was 
constructed in the first narrow place, which was 
close to the PSIS. The total thickness of the iliac 
cortical bone and cancellous bone was measured as 




a b 

Figure 1 Path A (CLIC point to the upper edge of the acetabulum) diagram, (a) Direction diagram of patli A, witli X as tine upper edge of 
tlie acetabulum; (b) diagram of lengtli of patli and tliicl<ness of tine ilium, with the distance between e and fas the total length of path, the 
distance between a and b as the thickness of the first narrow place, and the distance between c and d as the thickness of the second narrow place. 
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Figure 2 Path B (CLIC point to the AIIS) diagram, (a) Direction diagram of patli B; (b) diagram of lengtli of patli and tliicl<ness of tlie ilium, 
witli tlie distance between e and fas tine total length of path, the distance between o and b as the thickness of the first narrow place, and the 
distance between c and d as the thickness of the second narrow place. 



the thickness of the first narrow place. The vertical 
line of path D was constructed in the second narrow 
place, which was close to the AIIS. The total 
thickness of the iliac cortical bone and cancellous 
bone was measured as the thickness of the second 
narrow place (Figure 4b). 

Observation indexes and methods 

Patients underwent pelvic CT scan in a GE Bright- 
speedl6 slice spiral CT system (USA) with spacing of 
1.25 mm and 3D computer reconstruction. The distance 
between the two points was directly measured, with an 
accuracy of 0.1 mm. The lengths of screw passage and 



thicknesses of bone plates in two narrow places in differ- 
ent paths were measured and analyzed. Each radio- 
graphic datum was repeatedly measured twice within 
1 week by the same surveyor, and the mean value was 
used as the final result. 

Statistical analysis 

SPSS13.0 software was used in this study. The measured 
data in accordance with normal distribution were pre- 
sented as X ±s . Various paths were compared using 
independent-groups t test, with an inspection level of bi- 
lateral alpha = 0.05. P < 0.05 was considered statistically 
significant. 




Figure 3 Path C (CLIC point to the acetabular center) diagram, (a) Direction diagram of path C, with X as the acetabular center; (b) diagram 
of length of path and thickness of the ilium at the location of the narrow places, with the distance between e and fas the total length of path, the 
distance between a and b as the thickness of the first narrow place, and the distance between c and d as the thickness of the second narrow place. 
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Results 

Four paths with different entrance points and screw pas- 
sages were measured and analyzed. Paths A (from the 
CLIC point to the upper edge of the acetabulum), B 
(from the CLIC point to the AXIS), and D (from the PSIS 
to the AXIS) had similar lengths of screw passage, but 
the thickness of iliac plate in path A was significantly 
thicker than those in paths B and D. No significant dif- 
ference was found between the iliac thickness of paths A 
and C (from the CLIC point to the acetabular center), 
but the passage length of path A was significantly longer 
than that of path C. Among the paths from the CLIC, 
path A had the longest passage length and thickest iliac 
plate, and could accommodate the relatively longest and 
thickest iliac screw. Thus, path A was significantly su- 
perior to the other three paths. The lengths of passages 
and thicknesses of bone plates in two narrow places in 
the different paths are shown in Table 1. 

Discussion 

Lumbosacral-pelvic fixation without pelvic intensive 
long segment fusion had a clinically higher non-fusion 



rate, regardless of the number of sacral fixation screws. 
Application of iliac screw in combination with lumbar 
pedicle screw and rod could produce a better effect in 
maintaining lumbosacral-pelvic stability. McCord et al. 
[8] detected 10 different lumbosacral fixation systems, 
and confirmed that the iliac rods or screws have the 
strongest capacity selection of high load. 

In the clinical application of iliac screws, orthopedic 
surgeons have difficulties in avoiding intraoperative nerve 
injury, blood vessels, and other important structures. 
Orthopedic surgeons also experience difficulties in the safe 
and effective implantation of iliac screws. As of this writ- 
ing, the entrance point and path of iliac screws have no 
uniform standard. Two sclerotin-rich columnar zones are 
found in the ilium [11-13], which can provide anchors for 
iliac screws. Two high-density bone areas, which are lo- 
cated in the sacroiliac joint and sciatic notch, also exist in 
the lower columnar iliac screw path. Biomechanics re- 
search showed that the iliac screw can obtain a reliable an- 
chor once across the second high-density bone area [14]. 
Similar to this study, two narrow places in iliac screw 
paths also exhibited anchoring effects. 



Table 1 Lengths of four paths of screw passage and bone plate thicknesses of two narrow places 



Path Total length of screw passage Thickness of the first narrow place Thickness of the second narrow place 

(x ± s, mm, n = 100) (x ± s, mm, n = 100) (x ± s, mm, n = 100) 



A 140.6 ±5.9 


17.3 ±3.1 


23.6 ± 2.6 


B 138.1 ±6.4* 


14.3 ±2.4** 


12.8 ±3.5*** 


C 118.9 ±7.3^ 


17.2±2.7'^^ 


22.8 ± 4.6 '^^^ 


D 139.1 ±5.6" 


15.7 ±2.8"" 


20.5 ±2.8""" 


Compared with path A, *f = 2.87, P < 0.01 ; = 7.65, P < 0.001 ; 
P>0.05; ""f = 3.83, P< 0.001; """f = 8.11, P< 0.001. 


f = 24.77, P < 0.001 ; = 23.1 2, P < 0.001 ; 


^ = 0.24, P> 0.05; ^^^^f^ 1.51, P> 0.05; "f=1.84. 
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The entrance point of the iliac screw is controversial 
Berry et al. [15] beUeved that the optimal entrance point 
is the PSIS, whereas Schwend et al [16] believed that 
the screws should enter below the PSIS. By contrast, 
Schildhauer et al [11] believed that entry above the PSIS 
is more ideal. The entrance point of the iliac screw in 
the CLIC point can effectively avoid wound infection 
and implant exposure caused by local skin compression 
and necrosis, which are due to screw-tail protrusion 
when the PSIS is used as the entrance point. Moreover, 
sclerotin removal of the PSIS is unnecessary. This study 
showed that the iliac screw passage from the CLIC point 
to the upper edge of the acetabulum was the longest and 
thickest, and could withstand the largest tensile force. 
Thus, this entry point was the optimal iliac screw pas- 
sage. However, the effects of several factors, such as gen- 
der and regional differences, should be investigated. 
Preoperative screwing guidance to CT 3D reconstruction 
is suggested to enhance immobility and effectiveness. 

Conclusions 

Iliac screw path has an important value for lumbosacral- 
pelvic reconstruction. Of all paths in our design, path A 
(from CLIC point to the upper edge of the acetabulum) 
had the longest passage length and thickest iliac plate 
and could accommodate the relatively longest and thick- 
est iliac screw. Thus, path A was the optimal iliac screw 
passage. In the future, we also need to be confirmed in 
the clinical work. 

Competing interests 

The authors declare that they have no competing interests. 



5. Yu BS, Zhuang XM, Zheng ZM, Li ZM, Wang TP, Lu WW: Biomechanical 
advantages of dual over single iliac screws in lumbo-iliac fixation 
construct. Eur Spine j 201 0, 1 9:1 1 21 -1 1 28. 

6. Zheng ZM, Zhang KB, Zhang JF, Yu BS, Liu H, Zhuang XM: The effect of 
screw length and bone cement augmentation on the fixation strength 
of iliac screws: a biomechanical study. J Spinal Disord Tech 2009, 
22:545-550. 

7. Tis JE, Helgeson M, Lehman RA, Dmitriev AE: A biomechanical comparison 
of different types of lumbopelvic fixation. Spine (Pliila Pa 1976) 2009, 
34:E866-E872. 

8. McCord DH, Cunningham BW, Shono Y, Myers JJ, McAfee PC: 
Biomechanical analysis of lumbosacral fixation. Spine 1992, 17:235-243. 

9. McGee AM, Bache CE, Spilsbury J, Marks DS, Stirling AJ, Thompson AG: 
A simplified Galveston technique for the stabilisation of pathological 
fractures of the sacrum. Eur Spine J 2000, 9:451-454. 

10. Murakami H, Kawahara N, Tomita K, Sakamoto J, Oda J: Biomechanical 
evaluation of reconstructed lumbosacral spine after total sacrectomy. 
J Orthop Sci 2002, 7:658-664. 

1 1 . Schildhauer TA, McCulloch P, Chapman JR, Mann FA: Anatomic and 
radiographic considerations for placement of transiliac screws in 
lumbopelvic fixations. J Spinal Disord Tech 2002, 15:199-205. 

1 2. Lee SH, Jin W, Kim KT, Suk KS, Lee JH, Seo GW: Trajectory of transsacral 
iliac screw for lumbopelvic fixation: a 3-dimensional computed tomography 
study. J Spinal Disord Tech 201 1, 24:151-156. 

13. Miller F, Moseley C, Koreska J: Pelvic anatomy relative to lumbosacral 
instrumentation. J Spinal Disord 1 990, 3:1 69-1 73. 

14. Zheng ZM, Yu BS, Chen H, Aladin DM, Zhang KB, Zhang JF, Liu H, Luk KD, 
Lu WW: Effect of iliac screw insertion depth on the stability and strength 
of lumbo-iliac fixation constructs: an anatomical and biomechanical 
study. Spine (Phila Pa 1976) 2009, 34:E565-E572. 

15. Berry LJ, Stahurski T, Asher MA: Morphometry of the supra sciatic notch 
intrailiac implant anchor passage. Spine (Phila Pa 1976) 2001, 26:E143-E148. 

16. Schwend RM, Sluyters R, Najdzionek J: The pylon concept of pelvic 
anchorage for spinal instrumentation in the human cadaver. Spine 2003, 
28:542-547. 



doi:1 0.1 1 86/1 749-799X-9-40 

Cite this article as: Liu et al.: Radiographic study of iliac screw passages. 

Journal of Orthopaedic Surgery and Research 2014 9:40. 



Authors' contributions 

BL reviewed the database and prepared the manuscript. JW and WG carried 
out the statistical analysis and assisted with preparation of the manuscript. 
LZ assembled the database and supervised the writing of the whole paper. 
All authors read and approved the final manuscript. 



Aclcnowledgements 

Thanks to all the players who participated in this study and the staff at the 
Department of Orthopaedics for all the support. 

Received: 1 1 December 2013 Accepted: 25 April 2014 
Published: 23 May 2014 

References 

1. Akesen B, Wu C, Mehbod AA, Sokolowski M, Transfeldt EE: Revision of 
loosened iliac screws: a biomechanical study of longer and bigger 
screws. Spine (Phila Pa 1976) 2008, 33:1423-1428. 

2. Dickey ID, Hugate RR Jr, Fuchs B, Yaszemski MJ, Sim FH: Reconstruction 
after total sacrectomy: early experience with a new surgical technique. 
Clin Orthop Relat Res 2005, 438:42-50. 

3. Moshirfar A, Rand FF, Sponseller PD, Parazin SJ, Khanna AJ, Kebaish KM, 
Stinson JT, Riley LH 3rd: Pelvic fixation in spine surgery. Historical 
overview, indications, biomechanical relevance, and current techniques. 
J Bone Joint Surg Am 2005, 87:89-106. 

4. Tsuchiya K, Bridwell KH, Kuklo TR, Lenke LG, Baldus C: Minimum 5-year 
analysis of L5-S1 fusion using sacropelvic fixation (bilateral SI and iliac 
screws) for spinal deformity. Spine (Phila Pa 1976) 2006, 31:303-308. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



(3 BioMed Central 



